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Introduction:  Fixed-bearing  total  knee  arthroplasty  (TKA)  implants  have  excellent  long-term  survival.
Mobile-bearing  implants  were  developed  to reduce bone–implant  interface  stresses  and polyethylene
insert  wear.  The  primary  objective  of  this  study  was to analyze  the  survival  rate  of a  highly congru-
ent  mobile-bearing  TKA  implant  (Ceragyr®) in patients  having  a minimum  follow-up  of 7  years.  We
hypothesized  that  the  survival  rate  would  be 95–100%  at that  time  point.
Patients  and  methods:  A single-center  prospective  study  included  all the  patients  operated  for  a  primary
TKA  procedure  with  a  Ceragyr® implant  between  2000  and  2003. All  the  implants  were  cemented.  Patellar
resurfacing  was  not  carried  out  systematically,  but could  be carried  out secondarily  in  cases  of  persistent
anterior  knee  pain.  Clinical  and  radiological  data  were  collected  before  the surgery,  at  3  months  post-
operative,  at  1  year  and  then  at a minimum  follow-up  of 7  years.  The  primary  endpoint  was  the  overall
revision-free  survival  rate.  Secondary  endpoints  were  the survival  without  mechanical  failure,  IKS scores,
knee range  of  motion  and  implant  positioning.
Results:  One hundred  and  thirty-four  patients  (143  Ceragyr® TKA  cases)  were  included;  9 patients  (10
TKA)  were  lost  to follow-up  (6.7%)  and  the  remaining  125  patients  (133  TKA)  were  contacted.  At the ﬁnal
review,  7 of the  133 TKA  cases  (5.3%)  had  been  revised  (6 men,  1 women;  P = 0.002),  2 (1.5%)  because  of
mechanical  failure  and 5 (3.8%)  because  of  an infection.  The overall  revision-free  survival  rate  was  94.8%
[95%  CI:  89.3–97.5];  survival  was  98.4%  [95%  CI: 93.8–99.6]  with  mechanical  failure  as  an  endpoint.  An
in-person  assessment  was  conducted  on 76  patients  (80 TKA  cases)  (49 women;  27  men)  who  had  an
average  age  of  70.3  ± 8.4 years  at the  time  of  the  arthroplasty  procedure.  The  patella  had  been  resurfaced
during the  initial procedure  in  49  cases,  and  was  either  not  resurfaced  or secondarily  resurfaced  in  31
cases.  The  average  follow-up  was 8.7 ±  1.1 years.  The  IKS score  had  signiﬁcantly  improved  relative  to the
preoperative  values  (P <  0.00001).  Knee  ﬂexion  and  the  IKS  knee  score  remained  stable  over  time  (P  > 0.05).
Patients  who  underwent  patella  resurfacing  during  the  initial  TKA  procedure  had  better  clinical  results
(P  =  0.03).
Conclusion:  After  a  minimum  follow-up  of 7  years,  the  overall  revision-free  survival  rate  for  the  Ceragyr®
was 94.8%;  the  survival  was  98.4%  with mechanical  failure  as an  endpoint.  The  results  were  stable  over
time.
Level  of evidence:  IV,  retrospective  study  of  prospectively  collected  data.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Total knee arthroplasty (TKA) is the ﬁnal option for a patient suf-
ering from knee cartilage destruction. Patients expect their quality
f life to improve after this procedure and their knee to be pain-
ree, stable and to function normally. They also expect that these
∗ Corresponding author. Tel.: +33 6 82 64 51 66.
E-mail address: cournapeau.jerome@gmail.com (J. Cournapeau).
http://dx.doi.org/10.1016/j.otsr.2015.01.016
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.results will be maintained over time and that their implants will be
durable. Mobile-bearing TKA designs incorporate a mobile interface
between the insert and tibial plateau to increase the tibiofemoral
contact area. This congruence reduces the wear of the polyethylene
insert and the stresses at the bone–implant interface, thus the risk
of loosening, by allowing rotation [1].The Ceragyr® (Ceraver-Osteal, Roissy, France) is a highly congru-
ent mobile-bearing TKA implant with a single radius of curvature
at the femoral condyles, which is identical in the frontal and sagit-
tal planes. The polyethylene insert is free to move on the tibial
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aseplate in rotation and anteroposterior translation. An in vivo
uoroscopy study was done to compare the knee kinematics of
7 patients with a Ceragyr® to that of 16 patients with a ﬁxed-
earing TKA [2]. Patients with Ceragyr® implants had no separation
f the condyles (high congruence), greater axial rotation and less
osterior translation than patients who received a ﬁxed-bearing
KA. After an average follow-up of 4.7 years, Munoz et al. [3]
eported that this mobile-bearing implant had satisfactory clini-
al and radiographic outcomes, which were comparable to those
f a ﬁxed-bearing implant. Lemaire et al. reported a 99.5% survival
fter 5 and 8 years in a group of 181 Ceragyr® knees, with revision
or any reason as the endpoint [4].
The objectives of the current study were to analyze the survival
f the Ceragyr® after a minimum follow-up of 7 years with partial
r total revision for any reason as the endpoint, and to determine
he reasons for revision (septic, aseptic) and the function of the
perated knee.
. Patients and methods
A single-center retrospective study of prospectively collected
ata included all the patients operated between March 2000 and
ecember 2003 who received a Ceragyr® implant (Ceraver-Osteal,
oissy, France) during a primary TKA procedure. During the study
eriod, all patients who underwent a primary TKA procedure
eceived this type of implant.
.1. Surgical technique
The patients were operated by one of three senior orthopedic
urgeons. The surgical procedure was performed without comput-
rized navigation. A tourniquet was used during the implantation.
 lateral approach was used in six cases where the knee valgus
as greater than 10◦. The typical approach consisted of medial
arapatellar arthrotomy with lateral dislocation of the extensor
echanism. The distal femoral cut was made ﬁrst. The tibial cut
as made using either intramedullary or extramedullary alignment
uides. Ligament gap balancing was performed with extension
edges before the femoral cuts were ﬁnalized. The tibiofemoral
aps in extension were transferred to the 90◦ ﬂexed knee to bal-
nce the ﬂexion gap. The anterior and posterior femoral cuts were
hen performed with the knee ﬂexed at 90◦, the ligaments taught
nd using posterior landmarks. All the implants were cemented.
n our early cases, the patella was not systematically resurfaced.
reventative anticoagulant therapy was prescribed to patients for
 month, and antibiotics were initiated 1 hour before the procedure
nd continued for 48 hours.
.2. Patient evaluation protocol
Clinical and radiological data were collected before the surgery,
t 3 months postoperative, at 1 year and at the ﬁnal review. All
atients were contacted at least 7 years after the TKA procedure.
t the ﬁnal review, the patients who were still alive and had not
ndergone TKA revision were invited to return to the hospital for
linical and radiographic assessments by an independent surgeon.
The following demographic and clinical data were collected:
ge, gender, side, height, weight, history, TKA indication, active
ange of motion measured with a goniometer, sagittal laxity with
 Rolimeter knee tester (Aircast Europe, Neubeuern, Germany),
rontal laxity, IKS knee and function scores.
The radiological assessment at each follow-up visit consisted of
n A/P view, lateral view in 30◦ ﬂexion, 30◦ Merchant views of the
atellofemoral joint and long-leg standing views.y: Surgery & Research 101 (2015) 455–460
2.3. Endpoints
The primary outcome was  the overall survival with a minimum
follow-up of 7 years, with the endpoint being partial or total TKA
revision for any reason. The secondary outcomes were the survival
without mechanical failure with a minimum follow-up of 7 years,
with the endpoint being partial or total TKA revision for aseptic
loosening and/or osteolysis, the IKS scores, knee range of motion,
implant positioning and periprosthetic radiolucent lines according
to the Knee Society classiﬁcation on A/P and lateral X-rays [5]. The
IKS total score was considered excellent if it was  between 160 and
200, good if between 140 and 159, average if between 120 and
159, and poor if below 120 [6]. Implant positioning was evaluated
on A/P long-leg standing views by measuring the hip-knee-ankle
(HKA) angle (varus when HKA < 180◦ and valgus when HKA > 180◦),
femoral mechanical axis (FMA) and tibial mechanical axis (TMA).
The survival rate was calculated for the entire cohort. The secondary
outcomes were analyzed in the subgroups of patients who were still
alive at the time of the review and had at least 7 years of follow-up.
2.4. Statistical methods
Survivorship was estimated after at least 7 years of follow-up
using the non-parametric Kaplan-Meier method and 95% conﬁ-
dence intervals. The endpoint was  total or partial TKA revision for
any cause and for mechanical causes; patients who were lost to
follow-up or had died before 7 years of follow-up were consid-
ered as right censored observations. The risk factors for revision
were explored using the log-rank test. The Shapiro-Wilk test was
evaluated to determine if the data were normally distributed. If
the normality assumptions were met, parametric tests were used:
independent or paired Student’s t-test for quantitative variables
and McNemar or Chi2 test for qualitative variables. If the normality
assumptions were not satisﬁed, non-parametric tests were used:
Mann-Whitney or Wilcoxon test for continuous variable and the
Fisher’s exact or McNemar test for binary variables. The Kruskal-
Wallis test was used when more than two groups were being
compared. A P value < 0.05 was considered as statistically signiﬁ-
cant.
3. Results
3.1. Description of population available for analysis
Between March 2000 and December 2003, 134 patients (89
women, 45 men) having an average age of 73.4 ± 8.8 years under-
went primary TKA procedures, with 9 of them undergoing a
bilateral procedure. This resulted in 143 knees receiving the
Ceragyr® implant. The main indication for the TKA was knee
osteoarthritis, typically primary. Nine of these 134 patients (6.7%)
(10 knees) were lost to follow-up. For the ﬁnal review, 125 patients
(133 TKA) were contacted. Because some patients had undergone
TKA revision and some had died, 80 patients (85 TKA) remained
and were invited to the hospital for review. Of these patients, 76
(80 TKA, 95%) accepted and underwent the clinical and radiological
assessments (Fig. 1).
3.2. Survival analysis
Twenty-nine of the 125 patients (23.2%) died before the 7-year
follow-up from other diseases without having undergone TKA revi-
sion. The TKA implant was revised in 7 patients (6 men, 1 women),
or 5.3% (7/133 TKA). Two of the revisions were for mechanical fail-
ure (2/133, 1.5%) and ﬁve were for an infection (5/133, 3.8%).
At the ﬁnal review, the overall revision-free survival rate for
the series was  94.8% [95% CI: 89.3–97.5%]. If only revision for
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134 Patients
(143 TK A Cer agyr®
9 bilateral)
9 Patients  los t to  follo w-up
(10 TK A)
125 Patients  contacted
(133 TK A)
89 Patients  with at  le ast 
7-yea r follo w-up
(94 TK A )
29 Patients d ied befo re 7-year follow-up 
(32 TK A)
7 Patients  under went TK A revis ion
(7 TK A)
9 Patients  died  aft er 7- year follow-up 
(9 TK A)
4 Patients  un abl e to  com e 
(family reasons,  othe r patho log y)
(5 TK A)
76 Patients  assess ed
(80 TK A )
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echanical causes are considered, the survival rate was 98.4%
95% CI: 93.8–99.6%] (Fig. 2). There was no relationship between
he risk of revision and patient age (P = 0.45) however signiﬁcantly
ore male patients underwent TKA revision (P = 0.002) (Fig. 3).
.3. Other complications
In addition to the ﬁve above-mentioned septic complications,
here was one patellar tendon rupture, two cases of postoperative
emarthrosis, one of postoperative deep vein thrombosis, one of
ecrosis on the lateral aspect of the leg and one of supracondylar
racture without implant loosening. There were no cases of insert
islocation or subluxation.
ig. 2. Kaplan-Meier survival curve with 95% conﬁdence intervals. A. Revision-free surviv
ration.izing the study design.
3.4. Clinical and radiological evaluation
The average follow-up in the subgroup of 76 patients (49 women
and 27 men, 80 TKA) who underwent in-person clinical and radio-
logical evaluation was 8.7 ± 1.1 years. Their average age at the time
of arthroplasty was 70.3 ± 8.4 years and their average age at the
ﬁnal review was 79.1 ± 8 years. The average BMI  was  27.7 ± 3. In
terms of the patella, 49 had been resurfaced during the TKA proce-
dure and 31 had not; of these, 5 were subsequently resurfaced an
average of 3 years later due to persistent anterior knee pain.
The IKS scores (knee, function, total) had signiﬁcantly improved
1 year after the procedure and at the ﬁnal review. The total IKS
score was  good or excellent in 95% of cases at 1 year and 81% at the
al of the implant. B. Survival when only mechanical failures are taken into consid-
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nal review. However there was a signiﬁcant reduction in the IKS
unction and total IKS scores between the 1-year time point and the
nal review (Table 1).
When compared to TKA cases where the patella was  not resur-
aced or resurfaced secondarily, cases where the patella was
mmediately resurfaced had a signiﬁcant better IKS total score at
he ﬁnal review (172.6 ± 23.8 vs. 157.6 ± 31.8; P = 0.03). Among the
ve patients who underwent secondary patellar resurfacing, only
ne improved. None of the patients who had average or poor results
t 1 year postoperative and at the ﬁnal review had undergone patel-
ar resurfacing. There were no signiﬁcant differences in the IKS total
core between men  and women (P = 0.80), as a function of patient
ge (P = 0.38), or BMI  (P = 0.37).
The average knee ﬂexion was stable over time. Before the
KA procedure it was 109.1 ± 16.6◦, at 1 year it was 107.3 ± 12.2◦
P = 0.28) and at the ﬁnal review it was 106.6 ± 16.1◦ (P = 0.82).
Ideal positioning (HKA: 180 ± 3◦) was achieved in 75% of
atients at 3 months postoperative, but in only 57% of cases at the
nal review. On average, in the subgroup of 80 TKA cases evalu-
ted, the HKA was 178.7 ± 3.7◦ at 3 months and 178.2 ± 4.8◦ at the
nal review (P = 0.006). This signiﬁcant difference between the 3rd
onth postoperative and the ﬁnal review was not present in the
verage FMA  (89.3 ± 3.3 vs. 89 ± 3.7, P = 0.11) and the average TMA
89.4 ± 2.6 vs. 89.3 ± 2.8, P = 0.10). At the ﬁnal review, 44 TKA cases
ere in varus (21 varus ≤ 3◦ and 23 varus > 3◦) and 22 were in valgus
16 valgus ≤ 3◦ and 6 valgus > 3◦).
It was very difﬁcult to identify radiolucent lines around the
emoral component because of superimposition. There were six
ases of patellar radiolucent lines after 1 year and seven at the ﬁnal
eview. At 1 year postoperative, radiolucent lines were observed on
/P views of 47 tibial components and on lateral views of 34 tibial
omponents. At the ﬁnal review, the number of radiolucent lines
ncreased to 63 and 56, respectively. These radiolucent lines were
ore extensive, but had not increased in thickness. Their presence
able 1
hange in the IKS scores in the subgroup of patients who  were reviewed after a minimum
Preoperative
(1)
1 year
(2)
Knee score 37.1 ± 12.1 88.9 ± 11.2 
Function score 53.4 ± 11.2 87.3 ± 9.2 
IKS  total 90.6 ± 18.5 176.3 ± 17.9 ﬁdence intervals by age group and gender.
was not related to implant loosening. At the ﬁnal review, lateral
tibial radiolucent lines were present in 17/22 (77.3%) of implants
in valgus and medial tibial radiolucent lines were present in 33/44
(75%) of implants in varus on A/P X-rays.
4. Discussion
With a minimum follow-up of 7 years, this study found the sur-
vival of the Ceragyr® TKA implant to be 98.4% with revision for
mechanical failure as the endpoint and 94.8% with revision for any
reason as the endpoint. The clinical and radiological results were
compared between the short- and medium-term, and remained
stable. The reasons for implant failure were identiﬁed and spanned
all reasons for implant revision. Few studies have had a sufﬁciently
long follow-up to evaluate the outcomes of a highly congruent
TKA implant with rotating-platform and anteroposterior move-
ment [4,7,8].
The survival rate when ﬁxed-bearing TKA implants are used
is very good: 87–95% at 10 years [9,10]. In a prospective study,
Kim et al. [11] included patients less than 51 years of age who
had received a ﬁxed-bearing TKA implant on one side and a
mobile-bearing implant on the other because of bilateral knee
osteoarthritis. After 16.8 years of follow-up, the survival rate of
these implants was 95% (91–100) and 97% (93–100), respectively.
Our results after an average of 8.7 years follow-up are comparable
to those of other published studies (Table 2). In a recent meta-
analysis of 19 mobile-bearing TKA studies, the survival was  97.8%
at 5 years and 96.7% at 10 years [21]; however, this was an aver-
age follow-up and the deﬁnition of failure was  not speciﬁed. In
a French, multicenter, retrospective study of 846 TKA cases [22],
the 199 highly congruent, mobile-bearing TKA implants that were
included had a survival rate of 93% (88–95) at 10 years, which was
comparable to the other implants in the study.
 follow-up of 7 years (n = 76).
Final review
(3)
P
(1 vs. 2)
(1 vs. 3)
P
(2 vs. 3)
87.9 ± 17 0.00001 0.46
79 ± 21.8 0.00001 0.0012
166.9 ± 27.9 0.00001 0.0017
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Table  2
Survival rate for mobile-bearing TKA implants in various published studies.
Author Year Number of
patients
TKA name
(Manufacturer)
TKA type Percentage
survivorship [95% CI]
Follow-up
(years)
Shemshaki et al. [12] 2012 150 PFC® (Sigma) Partially congruent 100 5
Kastner et al. [13] 2012 126 LCS® (DePuy) Partially congruent 100 5
Matsuda et al. [14] 2010 30 NexGen LPF Flex®
(Zimmer)
Mobile-bearing 100 5
Lemaire [4] 2010 180 Ceragyr®
(Ceraver-Osteal)
Highly congruent 99.5 [96.9–100] 5
99.5 [86.9–100] 8
Kim  et al. [15] 2011 107 LCS® (DePuy) PCL-sacriﬁcing 97.2 [91–99] 7
Argenson et al. [16] 2012 112 NexGen LPF Flex®
(Zimmer)
Mobile-bearing 98.3 10
Meftah et al. [17] 2012 117 PFC® (Sigma) Posterior-stabilized 97.7 10
Metsovitis et al. [18] 2011 260 Rotaglide® (Corin) Highly congruent 96 [93–98] 10
87 [79–93] 18
O’Brien et al. [19] 2012 503 LCS® (DePuy) Partially congruent 97.8 10
Spencer et al. [8] 2012 120 Rotaglide® (Corin) Highly congruent 95.3 [90.8–99.8] 11
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[Callaghan et al. [20] 2010 86 LCS® (DePuy) 
KA: total knee arthroplasty.
In our study, the knee ﬂexion before the surgery and at the
nal review is comparable. In two other published studies about
he Ceragyr®, the average knee ﬂexion at the last review was 105◦
90–120◦) [3] and 113.6◦ (70–135◦) [4]. This appears to be slightly
ess than the one reported with other mobile-bearing TKA implants
14,15]. Due to their design, highly congruent TKA implants seem
o provide the patients with less knee ﬂexion, especially without
nteroposterior movement.
The course of action relative to the patella is still controversial.
he mobile-bearing provides better tibial and femoral alignment
hen in rotation, which in theory results in better ﬁt of the exten-
or mechanism in ﬂexion and extension. In the Lemaire et al. study
ith the Ceragyr® [4], 7 of 54 knees underwent secondary patella
esurfacing because of persistent anterior knee pain. In our study, 5
f 31 knees underwent secondary patella resurfacing. It is difﬁcult
o draw conclusions about the need for systematic patella resur-
acing, because if resurfacing is not performed during the primary
KA procedure, this relative simple and limited procedure is often
erformed by the surgeon when the patient experiences persistent
nterior knee pain [23].
At the ﬁnal review, the IKS function score was signiﬁcant lower
n the group of reviewed patients, relative to the 1-year postop-
rative score, even though the IKS knee score was stable. This can
e explained by the overall function of patients decreasing as they
ge.
As in the Hossain et al. study [24], infection was the most com-
on  revision for implant revision in our study. Deep infection
ccurred in 3.8% of patients in this study, which is comparable
o published values. A 2.3% infection rate has been reported in a
tudy of Swedish arthroplasty register [25]. Recent studies with
ther mobile-bearing TKA implants have reported an infection rate
etween 2 and 4% [15,18].
Our study has several limitations. Because there was  only
ne patient cohort, we could not compare the results of the
obile-bearing TKA to those of a ﬁxed-bearing TKA. Moreover, the
inimum follow-up of 7 years only reﬂects on the medium-term
utcome. The prospective evaluation of the data from this cohort
s still ongoing.
. ConclusionWith a minimum follow-up of 7 years, the overall revision-
ree survivorship for the Ceragyr® is 94.8% and 98.4% when only
echanical failures are taken into consideration. The clinical out-
omes with this type of TKA implant are stable over time.
[Partially congruent 96 20
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